Previous studies have shown that high blood pressure causes chronic inflammation. Hypertensive patients are reported to have high-circulating levels of proinflammatory cytokines such as interleukin-6 (IL-6) and high sensitive C-reactive protein (hs-CRP). The pulsatility index (PI) and resistive index (RI) are used as markers of peripheral vascular resistance. In the present study, we evaluated the relationship between carotid haemodynamics and the proinflammatory cytokines, IL-6 and hs-CRP. In all, 41 patients with essential hypertension participated. The intima-media thickness (IMT), peak systolic velocity (pVs), peak diastolic velocity (pVd) and mean velocity (mV) in the common carotid artery were measured using ultrasound Doppler flow methods, and PI [(pVsÀpVd)/mV] and RI [(pVsÀpVd)/pVs] were calculated. Serum IL-6 and hs-CRP concentrations were measured by an enzyme-linked immunosorbent assay. IMT was positively correlated with age and pulse pressure. Both PI and RI were positively correlated with pulse pressure, IL-6 and hs-CRP. A multiple regression analysis revealed that PI and RI were independently associated with hs-CRP. These results suggested that carotid haemodynamic parameters such as PI and RI are associated with atherosclerosis and inflammation in hypertensive patients.
Introduction
Inflammation may contribute to the initiation and progression of atherosclerosis. 1, 2 High blood pressure may promote vascular oxidative stress and exert a proinflammatory influence on the arterial wall through redox-sensitive mechanisms. 3 Indeed, hypertensive patients who were free from any other important medical conditions were reported to have high circulating levels of proinflammatory cytokines such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), 4 and C-reactive protein (CRP). 5, 6 These cytokines may cause inflammation of the endothelium, 7, 8 which can cause further damage to the endothelium 9 and the elevation of blood pressure. One of the most useful factors for estimating the inflammatory response and the risk for vascular events is high sensitive CRP (hs-CRP). The hepatic production of hs-CRP is regulated by the proinflammatory cytokines TNF-a, IL-1b and IL-6. IL-6 is a pleiotropic cytokine and central mediator of the acute-phase response and has a broad range of effects on diverse immune cells such as vascular endothelial cells, smooth muscle cells and leucocytes. 10 IL-6 11,12 and CRP [13] [14] [15] are also expressed in human atherosclerotic lesions.
B-mode ultrasound imaging of the common carotid artery (CCA) has been developed and standardized for in vivo evaluation of early atherosclerotic lesions. 16, 17 Hypertensive patients have a greater intima-media thickness (IMT) 18 and a higher prevalence of plaques in the CCA than normotensive individuals. These structural alterations of the CCA are related to cardiovascular complications 19 and can lead to cerebrovascular events, which strongly suggests that early detection of these alterations is clinically important for the management of hypertensive patients.
Recently, Doppler ultrasound has been used as a method to evaluate not only significant stenosis or plaque formation but also haemodynamic alterations in the CCA in hypertensive patients. 20 In the present study, we evaluated the relationship between serum proinflammatory markers and atherosclerosis as estimated by IMT and carotid haemodynamics in patients with essential hypertension.
Methods

Patients
Patients with essential hypertension participated in this study. They were recruited from consecutive cases admitted to Ehime University Hospital from July 2001 to January 2004. Hypertension was defined as a systolic blood pressure (SBP) 4140 mmHg or a diastolic blood pressure (DBP) 490 mmHg measured three times in the sitting position using a brachial sphygmomanometer. Patients with diabetes mellitus, thyroid disease, coronary artery disease, previous stroke, renal dysfunction (serum creatinine 41.2 mg/dl), peripheral vascular disease or who were suspected of having acute inflammatory diseases or malignant disease were excluded. All patients were untreated or had discontinued treatment at least 2 weeks before the investigation. Informed consent to the procedures was obtained from each patient.
Measurement of proinflammatory cytokines
Serum hs-CRP and IL-6 were measured by enzymelinked immunosorbent assay kits (Alpha Diagnostic, San Antonio, TX, USA; PIERCE Endogen, Rockford IL, USA, respectively). Measurements of serum creatinine, total cholesterol, high-density lipoprotein (HDL)-cholesterol and triglyceride were carried out using an automatic analyzer (model TBA-60S; Toshiba Inc., Tokyo, Japan).
Ultrasound analysis of the CCA Carotid arteries were evaluated using an SSD-2000 (Aloka Co., Tokyo, Japan) with a 7.5 MHz probe as previously described. 21 After the patient had rested for at least 10 min in the supine position with the neck in slight hyperextension, we examined an optimal visualization of the CCA, carotid bulb and extra-cranial internal and external carotid arteries on both sides. The IMT of the far wall was measured in the CCA at both 1 and 2 cm proximal to the bulb from the anterior, lateral and posterior approaches, and then averaged to obtain the mean IMT. Measurements were never taken at the level of discrete plaque. Doppler evaluation was performed on the right CCA in the anterior projection. With the guidance of colour flow mapping, the sample volume was located at the middle of the arterial cavity. Peak systolic velocity (pVs) and peak diastolic velocity (pVd) were obtained from the flow velocity curve. Flow velocity-time integrals of systolic and diastolic phases were computed automatically by electronic integration of the instantaneous flow velocity curves to calculate the mean velocity (mV). Further pulsatility and resistive indexes were calculated from the Doppler spectrum as follows:
Pulsatility index ðPIÞ ¼ ðpVs À pVdÞ=mV Resistive index ðRIÞ ¼ ðpVs À pVdÞ=pVs
Statistical analysis
The results are expressed as mean7s.d. Pearson's correlation coefficient was used to test the association between two kinds of parameters. A multiple regression analysis was applied to the determinant factor of IL-6 and hs-CRP. A probability of o0.05 was considered significant.
Results
Characteristics of the study subjects
A total of 41 patients with essential hypertension were enrolled in this study. Clinical characteristics of the study participants are shown in Table 1 .
Proinflammatoly cytokine and carotid IMT and haemodynamics Table 2 shows the mean values for IL-6, hs-CRP and carotid IMT and haemodynamics.
Association between IL-6, hs-CRP and carotid haemodynamics IMT was correlated positively with age (r ¼ 0.710, Po0.001) and pulse pressure (r ¼ 0.436, P ¼ 0.004). A multiple regression analysis was performed to identify the independent determinant factor for PI, RI and IMT with age, body mass index (BMI), mean blood pressure, total cholesterol, IL-6 and hs-CRP as independent variables. Table 3 shows that both PI and RI were independently associated with hs-CRP (with partial correlation coefficients of 0.430 and 0.430, P ¼ 0.010 and P ¼ 0.010, respectively) and IMT was independently associated with age (with partial correlation coefficients of 0.721, P ¼ o0.001).
Discussion
The present study is the first to demonstrate that carotid haemodynamic alteration as expressed in both PI and RI was associated with inflammatory markers, serum IL-6 and hs-CRP in patients with essential hypertension. A high index of PI and RI is associated with a large difference in velocity between the systolic and diastolic phases as detected by a pulse-wave Doppler ultrasound. This difference in flow velocities reflects downstream resistance, which could at least in part depend on the degree of peripheral arterial stiffness. Originally, PI and RI were introduced by Gosling et al 22 and Pourcelot et al reported that in essential hypertensive patients, increased renal PI and RI are associated with hypertensive end-organ damage, such as carotid IMT and cardiac hypertrophy, as well as renal function. Previously, we measured the renal and carotid flow in essential hypertension and showed that both approaches are useful for the evaluation of arterial stiffness. 25 Nakatou et al 26 measured carotid PI and RI in Type II diabetic patients and reported the usefulness of the carotid PI and RI as well as IMT in estimating the risk of previous cerebral infarction. In the present study, we are able to show that the carotid haemodynamics (both PI and RI) are correlated with pulse pressure, indicating that PI and RI are the indices of arterial stiffness, as found in our previous studies. IMT is another useful and established sonographic marker for atherosclerosis, and with increases in IMT being related to future cardiovascular events. 27, 28 In the present study, we could show that IMT was correlated with age and pulse pressure, but not with IL-6 or hs-CRP. However, both PI and RI are associated with IL-6 and hs-CRP. The difference in results between the carotid haemodynamic parameters and IMT might be time related. Both PI and RI might refer to the present status of the atherosclerotic change, as do inflammatory markers such as IL-6 and hs-CRP. On the other hand, IMT is the result of the integration of atherosclerotic stimulation that occurs over a long time period, such as hypertension. In this regard, carotid haemodynamic change is a useful atherosclerotic marker that provides a different viewpoint on atherosclerosis than IMT.
It is now well established that inflammation plays a central role in the development of atherosclerosis and its complications. 1, 9 Inflammatory markers such as CRP and IL-6 not only participate in lesion formation but also in the plaque architecture that favours rupture. 7 A number of studies have shown that increased blood pressure has an important influence on elevated levels of circulating IL-6 4 and hs-CRP. 5, 6, 17 IL-6 and hs-CRP were also suggested to be strong independent predictors of the risk of future cardiovascular events. [28] [29] [30] [31] [32] [33] [34] The present study, which shows a relationship between carotid haemodynamic change and inflammatory markers, indicates that PI and RI could also help to predict further cardiovascular events.
As shown in Table 3 , hs-CRP but not IL-6 is an independent determinant factor for PI and RI. This result suggests that carotid haemodynamics is related to the level of systemic inflammation, and the inflammatory marker hs-CRP may be more sensitive than IL-6. One limitation of this study is the small number of subjects enrolled. The pathogenesis of low-grade inflammation is different between patients with essential hypertension and patients with diabetes mellitus, thyroid disease, coronary artery disease, previous stroke, peripheral or vascular disease. For this reason, we excluded these patients with hypertension from this study. It is necessary to confirm our findings by studies with large number of patients. Furthermore, studies that clarify the relationship between carotid haemodynamics and other inflammatory cytokines and markers such as TNF-a and IL-1b, as well as IL-6 and hs-CRP are needed.
In conclusion, carotid haemodynamics as expressed by both PI and RI are associated with pulse pressure and the inflammatory markers IL-6 and hs-CRP. Furthermore, hs-CRP is an independent determinant factor for PI and RI. These results indicate that carotid haemodynamic alteration is a useful marker of atherosclerosis as an inflammatory disease. Further prospective study is needed to establish carotid haemodynamics; PI and RI are reliable predictors of further cardiovascular events in essential hypertensive patients. (a) What is known on this topic 1. Hypertensive patients have high circulating levels of proinflammatory cytokines such as interleukin-6 (IL-6) and high sensitive C-reactive protein (hs-CRP). 2. Both IL-6 and hs-CRP are independent risk factors of cardiovascular disease. 3. Hypertensive patients have a greater intima-media thickness (IMT), and a higher pulsatility index (PI) and resistive index (RI) in the common carotid artery.
(b) What this study adds 1. Carotid haemodynamics, PI and RI, are correlated with IL-6 and hs-CRP. 2. Hs-CRP is an independent determinant factor for PI and RI.
